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I. Introduction

A promising alternative immunotherapy to the current breast cancer therapies of surgery,
radiation, chemotherapy, and hormone replacement, is to target tumor associated antigens
(TAAs). This is an attractive alternative due to the fact that they specifically target tumor
cells. Over 44,000 women fail one or more of these therapies each year and according to
the American Cancer Society, breast cancer has remained the second leading cause of
cancer deaths among women in the United States through 2005. In addition to this, over
1500 men are diagnosed with breast cancer each year in the United States alone. 20-40%
of all breast cancers overexpress the tumor associated antigen, HER-2/neu, and it is also
overexpressed in cancers of the ovaries, lung, pancreas, and gastrointestinal tract (Disis et
al., 1997; Knutson et al., 1999; Li et al., 1994). The overexpression of HER-2/neu in
breast adenocarcinomas has been associated with the progression of focal tumors to
metastatic cancer and the subsequent poor prognosis of patients (Knutson et al., 1999;
Treurniet et al., 1992). Despite this, patients with cancers that overexpress HER-2/neu
have humoral (Coronella, et al., 2001; Disis et al., 1997b; Disis et al., 2000), CD8" T cell
(peoples et al., 1995), and CD4" T cell (Tuttle et al., 1998) immune responses directed
towards HER-2/neu, but these responses are not effective. Intracellular bacteria, such as
Listeria monocytogenes, can be used as vaccine vectors due to their ability to generate
strong and specific T cell responses (Pan et al., 1995; Pan et al., 1995b; Pan et al., 1999;
Pardoll, 1996; Weiskirch et al., 1997). Listeria preferentially infects macrophages and
other antigen presenting cells, and while most of the bacteria are killed in the
phagolysosome, about 10 percent escape into the cytosol. This results in the presentation
of listerial antigens by both the MHC class I and class II pathways leading to the
subsequent activation of both CD8" and CD4" T cells (Hsieh et al., 1993; Weiskirch et
al., 2001). Our lab has previously shown that Listeria monocytogenes expressing tumor-
associated antigens can induce the regression of established tumors that express those
antigens (Gunn et al, 2001) and we have adapted this system for the breast cancer
associated antigen HER-2/neu. We have previously reported the production of five
Listeria based vaccines consisting of fragments of HER-2/neu and that these vaccines are
all capable of impacting on tumor growth (Singh et al., 2005). After vaccination of tumor
bearing mice with the Lm-LLO-HER-2/neu vaccines, the tumors stop growing and
remain stable for over 90 days with a small number (about 30%) undergoing complete
tumor regression (Singh et al., 2005). Following this we conducted an analysis of the
CD8" T cell pools that are stimulated in these mice through CTL analysis and reported in
the previous year that through this method we had identified regions of HER-2/neu that
potentially contain unidentified CD8" T cell epitopes. Further, we have demonstrated
that transplanted tumors into FVB/N HER-2/neu transgenic mice grow at a significantly
slower rate in Lm-LLO-HER-2/neu vaccinated mice as compared to control mice. In this
past year, we have continued studying these vaccines in the transgenic mice and further
studied the CD8" T cell responses in these mice.
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IL. Body

This study is aimed at determining the effectiveness of Listeria monocytogenes based
immunotherapies for HER-2/neu overexpressing breast cancers and the mechanisms
involved in priming an immune response upon vaccination. Listeria monocytogenes that
express fragments of HER-2/neu prime CD8" and may prime CD4" T cell response that
are robust enough to overcome tolerance in a transgenic mouse model of HER-2/neu
overexpressing breast cancer. Previous studies in our lab have shown that Listeria
monocytogenes that express the viral protein E7 are capable of eliciting a strong enough
anti-tumor response to E7 to cause the regression of tumors in mice (Gunn et al., 2001).
Furthermore, after adapting this system to the self-protein HER-2/neu we show that a
potent anti-tumor response can be generated against a self-protein in wild type FVB/N
mice (Singh et al., 2005).

We continued the study of the anti-tumor efficacy of the five previously described
Listeria based HER-2/neu vaccines (Figure 1).

Extracellular domain Intracellular domain
Transmembrane domain

680
. 655 1260
I IC-1
i

EC-3

— e
ECI: AA 20-326 IC1: AA 690-1081
EC2: AA 303-501 1C2: AA 1020-1260

EC3: AA 479-655

Figure 1. Schematic of the overlapping extracellular and intracellular fragments of HER-
2/neu cloned into an expression vector. The numbers represent amino acids.

Anti-tumor responses were initially studied through the analysis of the lysis of cells lines
expressing fragments of HER-2/neu by vaccine stimulated CD8" T cells. This analysis
led to the identification of regions of HER-2/neu that contain previously unidentified
CDS8" T cell epitopes for the FVB mouse (Table 1).
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Listeria Construct | Neu Region | Killing of 3T3-neu Neu Regions Containing an
Spanned Target Cells” Epitope

Lm-LLO-EC1 30-326 Neu-1/Neu-2/Neu-3 20-148/291-326

Lm-LLO-EC2 303-501 Neu-3/Neu-4 303-426/401-501°

Lm-LLO-EC3 479-655 Neu-4/Neu-5 479-553/531-655

Lm-LLO-IC1 690-1081 Neu-6/Neu-7/Neu-8 690-797/952-1081

Lm-LLO-1C2 1020-1260 | Neu-8/Neu-9 1020-1085/1063-1260

Table 1. Regions of HER-2/neu with potential FVB epitopes based on specific lysis from
CTL analysis and the corresponding vaccine constructs. * Strong killing: greater than
20% above background lysis; weak killing: 10-20% above background lysis; no killing
above background lysis. Background lysis varies between 0-12% for each experiment.
*The epitope identified from Ercolini et al. (Ercolini et al., 2003) is from 420-429 and is
partially contained in Neu-3 and fully in Neu-4.

Following the identification of regions of HER-2/neu with potential epitopes, we had
overlapping 20mer peptides made to span all of the regions identified through the use of
the cell lines containing fragments of HER-2/neu. These peptides have since been used
to further narrow down the regions of HER-2/neu containing epitopes. CTL analyses of
all 58 peptides were done using pools of 3-4 peptides at a time, which allowed us to
narrow down these larger portions of HER-2/neu into separate regions spanning about 60
amino acids. The pools are now being split into individual 20mers to further narrow
down regions containing CD8" T cell epitopes. This work has been summarized into a
table showing the progression from using cell lines to narrow down target regions to the
use of peptides to identify the 20mers containing epitopes (Table 2).

3T3 regions |Region with epitope [Peptide pools [Response to pool [Region with epitope
1-165 20-148 20-39/35-54/50-69 yes 20-69
65-84/80-99/95-114 no
110-129/125-144/140-148 yes 110-148
148-291
274-426 291-326 291-310 yes 291-310
274-426 303-426 291-310/366-385/381-400/396-415 no
410-553 410-501 411-430/426-445/441-465 yes 411-465
456-475/471-490/486-505 yes 456-501
410-553 479-553 471-490/486-505/501-520 no
516-535/531-550/546-565 yes 516-565
531-687 531-655 516-535/531-550/546-565 yes 516-565
561-580/576-595/591-610 yes (small) 561-610
606-625/621-640/636-655 yes (small) 606-655
665-820 690-797 690-709/705-724/720-739 no
735-754/765-784/780-797 yes 735-797
797-952
929-1085 952-1081 967-987/982-1001/997-1016 no
1012-1031/1027-1046/1042-1061 yes 1012-1061
1057-1076/1072-1091 no
929-1085 1020-1085 1012-1031/1027-1046/1042-1061/1057-1076 yes 1012-1076
1063-1259 1063-1259 1072-1091/1087-1106/1102-1121 yes 1072-1121
1117-1136/1132-1151/1147-1166 yes 1117-1166
1162-1181/1177-1196/1192-1211 yes 1162-1211
1207-1226/1222-1241/1238-1257 no

Table 2. Summary of CTL analysis to date using cell lines and pools of 20mer peptides to
narrow down regions of HER-2/neu potentially containing CD8" T cell epitopes.
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In addition to this, one epitope has been fully mapped and we are in the process of
studying it in comparison to the previously defined ‘immunodominant’ epitope (Ercolini
et al., 2003). As can be seen in Table 2, there was a response to one 20mer, from 291-
310, that was tested alone and not in a pool of peptides. Based on this result, this 20mer
was divided into 9 and 10mers that were predicted by Rankpep to bind to MHC I
molecules that are similar in structure to the “q” haplotype (Lee et al., 1988), and these
were then tested to see if there was a CTL response to one of these smaller peptides
(Figure 2). The FVB/N mouse is on the “q” background and not much is known about
these MHC molecules, so at this point there are no programs that will directly predict the

sequence of q binding peptides.
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Figure 2. CTL analysis of 3T3-wt cells loaded with 9 and 10mer peptides corresponding
to the 291-310 region of HER-2/neu. The peptide loaded onto the wild type 3T3 cells is
noted above each of the graphs.

This analysis shows that a previously unidentified epitope for HER-2/neu that falls into
the EC1 region of the Listeria based vaccines is defined by the amino acid sequence of
PYNYLSTEV. The FVB/N mouse is on the H-2 background and the previously
determined “Ercolini” epitope has been determined to be restricted to the H-2D class I
MHC. In order to determine what the MHC restriction of this EC1 epitope is, we
obtained cell lines that express only either H-2D? or H-2L" class I molecules to test in a
CTL assay. As there is no cell line that only expresses H-2K", binding of the peptide to
just this MHC class I molecule cannot directly be tested. We obtained an antibody that
will specifically block H-2K® to determine if by blocking this MHC class I molecule lysis
of target cells pulsed with this peptide is abrogated (Figure 3).
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Figure 3. The MHC class I restriction of the EC1 epitope PYNYLSTEV is H-2K“.

The top two panels show that there is no lysis of target L-L? or L-D" cells labeled with the
EC1 peptide, which means that this epitope is not restricted to either H-2L* or H-2D4.

The bottom two panels are of CTL analyses with 3T3-wt cells as targets and these cells
express all three (L%, DY, and K?) MHC class I molecules. 3-83P is an antibody that does
not bind and block the binding groove of these class I molecules and most importantly
does not bind to H-2K". 16-3-1N is an antibody that specifically binds into the binding
groove of H-2K", and thus blocks binding of the peptide, but does not bind to either H-
2L% or H-2D% When the peptide is loaded on cells treated with 3-83P, there is still killing
of the target cells by cells stimulated with the EC1 vaccine, but when the cells are treated
with the 16-3-1N antibody, this binding is abrogated, as evidenced by the lack of killing
of the target cells. This clearly shows that the MHC class I restriction of the
PYNYLSTEYV peptide is H-2K".

Through these CTLs, we have identified regions where there is clearly specific lysis of
the target cells, implying that these regions contain unidentified CD8* T cell epitopes,
and also regions where there is no lysis at all. We have previously theorized that these
‘sub-dominant’ epitopes are revealed by (1) breaking HER-2/neu into fragments; (2)
fusing these fragments to listeriolysin O (LLO); (3) delivering the antigen through
Listeria monocytogenes; or (4) a combination of these. In order to determine which of
these is correct, we made and tested DNA vaccines to compare the full length HER-2/neu
with a representative fragment, and also compare LLO-fused with non-fused antigens.
These DNA vaccines were made using the pcDNA 3.1 parent vector and then tested in a
tumor regression experiment with Lm-LLO-EC1 was a Listeria delivery control. The
data for this experiment are extensive and are contained within the Journal of
Immunology paper in the appendix to this report (Singh et al., 2005). This experiment
shows that the vaccine delivered by Listeria is the best and the LLO-fused DNA vaccines
are far superior to the non-fused vaccines. Thus, fusion to LLO and delivery by Listeria
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monocytogenes both play a role in the revelation of ‘sub-dominant’ epitopes for HER-
2/neu in the FVB mouse.

Much of the work done this year has focused on the FVB HER-2/neu transgenic mouse
as a follow-up to the work discussed in my last annual report showing a significant
slowing in the growth of implanted tumors after vaccination compared to the control
groups. This experiment was first repeated to see if the mice in the HER-2/neu vaccine
groups once again scratch away their tumors at around day 40 in what appears to be a
delayed type hypersensitivity (DTH) response (Figure 4).

FVB/N HER-2/neu Transgenic Mouse Regression of NT-2 Tumors
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Figure 4. Tumor growth of implanted NT-2 tumors in FVB HER-2/neu transgenic mice.
Mice were vaccinated with the noted vaccines on days 7, 14, 21, 28, and 35. Tumor
growth was measured until the mice in the LLO-EC1, LLO-EC2, LLO-EC3, LLO-ICI,
and LLO-IC2 groups scratched away their tumors.

This shows that the vaccines stimulate a response that is strong enough to overcome
tolerance, as the growth of the implanted tumors is significantly slower in the Lm-LLO-
HER-2/neu vaccine groups than those in the control Listeria vaccine group or the PBS
control group. Due to the breaking of tolerance in a transplanted tumor model, we sought
to test the efficacy of these vaccines in an autochthonous tumor model. 90% of female
FVB/N HER-2/neu transgenic mice develop spontaneous mammary tumors between 4
and 9 months of age. In an autochthonous tumor test, the mice are treated prior to the
development of tumors and observed for an extended period of time to see when they
develop tumors and this is compared to the onset of tumor growth of control treated and
untreated mice to look for differences in tumor growth. Age matched female mice were
first vaccinated at 6 weeks of age and then every three weeks after that for a total of 5
vaccinations, resulting in treatments at 6, 9, 12, 15, and 18 weeks of age (Figure 5).
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Figure 5. Autochthonous tumor protection in female FVB/N HER-2/neu transgenic mice.
12 mice per group were treated starting at 6 weeks of age and were followed until the
onset of tumor growth in each mouse.

The delay in the onset of tumor growth in mice treated with Lm-LLO-EC1, Lm-LLO-
EC2, Lm-LLO-IC1, and Lm-LLO-IC2 was significantly different than either of the
control groups (PBS and Lm-LLO-EC3). Lm-LLO-EC3 was not significantly different
than either of the controls (Table 3).

p-value p-value p-value
PBS vs NYESQ 0.6742
PBS vs EC1 0.0036 NY vs EC1 0.0065 IC1 vs EC1 0.3859
PBS vs EC2 0.0062 NY vs EC2 0.0112 1C1 vs EC2 0.5535
PBS vs EC3 0.5685 NY vs EC3 0.6962 1C1 vs EC3 0.0006
PBS vs IC1 0 NY vs IC1 0
PBS vs IC2 0.0054 NY vs IC2 0.0108 IC1 vs IC2 0.5875

Table 3. Kaplan-Meier Log Rank Test. p-values showing which groups are significantly
different in the autochthonous tumor protection are shown.

These vaccines are clearly capable of breaking tolerance in FVB/N HER-2/neu transgenic
mice based on the significant delay seen in the onset of spontaneous tumor growth
(Figure 5) and also in the slowing of tumor growth with transplanted tumors (Figure 4).
The apparent discrepancy between these tumor results is a current area of study. When
tumors are implanted in the transgenic mice, treatment with each of the vaccines leads to
the same result, a slowing in the growth of the tumors and the eventual scratching away
of the tumors in all of the Lm-LLO-HER-2/neu vaccinated groups around day 40 (Figure
4). In addition, the tumor sizes in all of the mice in the Lm-LLO-HER-2/neu vaccine
groups are clustered together with no difference between any of the treatment groups.
Conversely, clear differences between the efficacy of the vaccines can be seen through
the autochthonous tumor protection. Lm-LLO-EC3 is not efficacious in this type of
experiment, while Lm-LLO-IC1 is definitively the best vaccine in this model (Figure 5).

There are several factors that could explain the differences in the efficacy of the vaccines
in these experiments. In one case tumors are implanted and mice are treated after the

10
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growth of palpable solid tumors (about 4-5 mm in size), while in the other, mice are
treated prior to the development of natural tumors. This means that in the first case
(Figure 4) the efficacy of the vaccines as a therapeutic is being tested, while in the other
experiment (Figure 5), the efficacy of the vaccines as a prophylactic is being determined.
Another difference between these two tests of the vaccines is that the spontaneous tumors
develop in the mammary glands of the mice, whereas when tumors are implanted, they
are placed subcutaneously on the flank of the mice. The differences in the efficacy of the
vaccines in these experiments comes down to potential differences in the stromal
environment of the tumors and also the timing of the vaccine. In the autochthonous
tumor experiment, although mice are first vaccinated at 6 weeks of age, some of the mice
will already be in the process of developing mammary tumors through hyperplasia of the
mammary glands by this time.

For the coming year, several experiments have been planned and questions of interest
have been identified. We are in the process of trying to determine the factors that
contribute to the increased efficacy of Lm-LLO-IC1 vs Lm-LLO-EC3 in the
autochthonous tumor protection by conducting a tumor regression experiment where
mice are given tumors either subcutaneously or in the mammary gland and then treated
with the vaccines to determine if stromal elements are involved in the efficacy of the Lm-
LLO-HER-2/neu vaccines. Another question of interest is to determine if mutations in
the HER-2/neu protein contribute to the onset of spontaneous tumor growth in the Lm-
LLO-HER-2/neu vs control vaccinated mice. In order to do this, we are currently
sequencing tumor samples to see if mutations can be seen.

III.  Key Research Accomplishments

* CTL analysis of each vaccine with pools of peptides corresponding
to regions of HER-2/neu previously identified to contain a
potential epitope through the use of cell lines.

* Identification of a novel CD8" T cell epitope for rat HER-2/neu in
the FVB/N mouse, PYNYSTLEV.

* Determination of the MHC class I restriction of this novel epitope
(H-2K9).

* Repeat regression study in HER-2/neu transgenic FVB mice with
implanted NT-2 tumors showing a slower rate of tumor growth in
Lm-LLO-HER-2/neu vaccinated mice vs control treated groups.

* Autochthonous tumor protection in FVB HER-2/neu transgenic
mice showing a significant delay in the onset of tumor growth for
the Lm-LLO-EC1, Lm-LLO-EC2, Lm-LLO-IC1, and Lm-LLO-
IC2 vaccines.

IV.  Reportable Outcomes

* Publication of a research article in the Journal of Immunology.

11
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* Presentation of a poster based on this data at the Keystone Tumor
Immunology meeting in March 2005.

¢ Platform presentation given based in this data at the Department of
Defense ERA of Hope meeting in June 2005.

* Presentation of a poster based on this data at the Department of
Defense ERA of Hope meeting in June 2005.

* Presentation of a poster based on this data at the Cancer Research
Institute meeting in October 2005.

* Patent application ongoing.

V. Conclusions

Listeria monocytogenes based vaccines for HER-2/neu are capable of breaking tolerance
and leading to a slowing in the growth of transplanted tumors in FVB/N HER-2/neu
transgenic mice. Treatment with each of these vaccines results in the slowing of tumor
growth compared to control groups and then the mice in the HER-2/neu vaccine groups
scratch their tumors away around day 40. Tolerance in very clearly broken in this
transgenic model in the case of autochthonous tumors, with a significant delay in the
onset of tumor growth with mice vaccinated with Lm-LLO-EC1, Lm-LLO-EC2, Lm-
LLO-IC1, or Lm-LLO-IC2. In this type of protection experiment, Lm-LLO-EC3 is
ineffective and does not lead to a delay in the onset of the growth of spontaneous tumors.
The factors underlying the differences in the anti-tumor efficacy of these vaccines in a
regression of transplanted tumors vs a protection of spontaneous tumors are currently
unknown. We are in the process of determined if tumor stromal elements are involved in
the anti-tumor response of these vaccines. The eventual growth of autochthonous tumors
and the factors that lead to this are another area of current study.

Continuing and following up on the previously discussed cytotoxic T lymphocyte
analyses has led to the identification of one novel CD8" T cell epitope for rat HER-2/neu
in the FVB/N mouse, to date. This work is also currently ongoing. We plan to identify
several epitopes spanning distinct regions of HER-2/neu. Identification of several
epitopes could lead to the next generation of Listeria monocytogenes based vaccines for
HER-2/neu containing specific regions of HER-2/neu corresponding to these epitopes. In
this way the vaccines would be able to elicit immune responses specifically targeted
towards epitopes spread throughout the entire HER-2/neu protein with a single vaccine.

In the past year, testing of these vaccines in transgenic mice that are tolerant to rat HER-
2/neu has shown the ability of these vaccines to overcome tolerance in these mice. This
is an important step in the development of therapies that may be adapted for humans as
any therapy used in humans must be capable of generating a strong enough immune
response to break tolerance in order to significantly impact on tumor growth in any way.
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VII. Appendix

The Journal of Immunology

Fusion to Listeriolysin O and Delivery by Listeria
monocytogenes Enhances the Immunogenicity of HER-2/neu
and Reveals Subdominant Epitopes in the FVB/N Mouse'

Reshma Singh,* Mary E. Dominiecki,”™ Elizabeth M. Jaffee,” and ¥vonne Paterson®*?

Five overlnpping fragments of rnt HER-2'neu have been expressed in recombinant Livterinc momocytogenes. Ench frogment af
HEHR-Xnea is seereted os o fusion protein with o truncoted, nonhemaolytic form of listerialysin O (LLOG Lm-LLEOKECL, Lo
LIARECT, ond Lm-LIARECE overlap the extrocellulor domnin of HER-2ineu, whereas Lon-L1OTCT and Lm-LLOCIC2 span the
introeellular domain. All five strains contralled the growth of estohlished N'T-Z tumors, a ret HER-Yoea-expressing tumor line
derived from o spont Iy erising v tumor in 2 FYRMN HER-Yneo-fronspenic mouse. The antitumor effect of each of
these vaccine ennstructs was nhragated by the in vive depletion of CIE* T cells, although only ane known epitope has been detined
previously and is present in Lm-LLOCECL Anfi:HER-2nea CTL responses were genernted by ench of the rl.m voecine constrocts.
With the use of o panel of 3T3 cell lines expressing overlopping fropments of HER:Z'new, regions of HER-2'nen with potentind
CIE" T oell epitopes hove heen defined. [NA vaceines expressing cither o fragment or full-lenpth HER-2'neu were constrcted
in LL{b-fused ond non-LLO-Fused forms. CTL analysis of the IXNA voccines revealed o brondening in the regions of HER-2fnex
recagnizable es tnrgets when the target Ag is fused o L1AL These studies show the efficacy of £ moaccpfopeacs -hosed HER-2'nen
wviecines in o murine model of hrenst cancer and zlso thot the immunngenicity of sef-Ags con be incrensed by fusion to LI and

delivery by L. moaccpiopeaes revezling subdominant epitopes.  The Sorrnel af Tomanology, 2005, 175 3663-34G73,

member of the epidermal growth Factor recepeor family

of tyrosine kinases, HER-2/neu is a 185.kDa glycopro

teim, [t consisis of an exiracellular domain, 2 transmem
brane domain, and an intracellular domain, which is kowvwn oo be
involved in cellular signaling (1-4) It is overexpressed in 25
A0 of il breast cancers and is also overexpressed in many can
cers of the ovaries, lung. pancreas. and gastrointestinal tract (57
The overexpression of HER-2fnew is associnted with uncontralled
cell prowth and signaling. both of which contribute to the devel
apment of fwumars (1, §). Patenis with cancers that overexpress
HER-2inew exhibit tolerance even with detectahle humosal (9],
CDE™ T oell (10, and C04 ™ T cell (1) responses directad ngainst
HER-2inew.

Lirferia monocyfogenes is an intracellular pathogen that primar
ily infecis APCs and has adapted for life in the cytoplasm of these
cells (12, 133, Host cells, such as macrophages, actively phagocy
tose L monocyiogeres, and the majority of the bacterin are de
praded in the phagolysosome (14} Some of the bacteria escape
inip the host cytosol by perforuting the phagasomal membrans
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through the action of a hemalysin, listeriolysin € -:L[.{ZI]I (13, 15}
Once in the cytosal, L. monecyiogenes can polymerize the host
actin and pass directly from cell o cell further evading the host
immune system and resulting in a negligible Ab response o L
monocyiogeres (3]

L monocyiogensr is an atmctive vaccine wecinr because pro
teins produced by this bacterium can be presented as shart peptides
via both the MHC class 1 and class Il pathways generating both
CIDE™ and CD4 " T cell responses to these Ags (16). Direct killing
af tumor cells occurs through the function of CDE™ T cells, but
this killing may be enhanced through the activation of COL™ T
cells. MHC class Il molecules present peptides derived from lis
serizl proteins in the phagolysosome to activate CIM 7 T cells (16L
Conversely, proteins that are produced by L. monecyiegenes in the
hest cytosol are presented to COE™ T cells by MEC class [ mal
ecules (17, 18). Taking advantage of the ahility of L. monecyie
pemey to torget Ags to both of these pathways should lead 10 a
strong celiular immune response against the Ags it produces. Our
lab has previously shown this in response to the human papillo
mavirus (HFY) ET protein ond the inBuenza oucleoprotein (NP)
{17, 19-21}). Both of these systems used recombinant L. monecy
foperes cantaining a plasmid with a truneated, noahemalytic, LLO
fused o the N terminus of either E7 (Lm-LLO-ET) ar XP (Lm
LLO-KF) (17, 19). In both these cases, complete tumor regression
can be seen upom vaccination of mice-bearing tumars with the
target Ag (19, 200 In particular, Lm-LLO-ET induces the complete
regressian of =75% of established E7-expressing murine tumors.
This waccine is alse capable of genernting an ET-specific CDE™ T
cell response that can be used to effectively kill torget tumor cells
in 8 CTL assay, nnd the sntitumor response is shrogated in vivo
upon depletion of CDE™ T cells (19

* Abbrovislions uscd iz ghis paper: LLO, Baternlysin O; MY, buman pamlicmavins;
NP, nuclecproicin; PEST, peolice, ghrismic scid, serne, end throurine
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3644 SUBDOMINANT RAT HER-Zneuw EPITOPES IN THE FYEN MOUSE

Based on these resulis, we have adapted the Lm-LLO-Ag sys
iem for the self-Ag HER-Zneu. Several other vaccines using the
HER-2ineu tumor Ag in the mouse have been studied previously.
In wild-type FWB/N mice. whaole cell vaccination has been effec-
tive in preventing tumor growth wpon tumor challenge but is not
effective ax a wreatment for established sumses (220, Recombinant
vaccinia virus transduced with HER-Z'neu has also been shown o
e fairly effective in 2 wmor prevention model (233 HSP-110
HER-2'neu chaperone complex vaccines containing the intracel-
lular domain of HER-2neu have also been described presiously
{2d). It has been shown previously that depletion of either CD4
ar CDE" T cells in tumor-bearing mice results in decreased tumor
regressian ws undepleted mice (25). Because of the ability of L
monocyingensy o generate bath an Ag-specific ©D4" oc CDET T
cell response, it appears i be a promising vaccine vector for HER
2inew. In addition, the wse of a bacterium such 25 L monoscyic
penes o deliver frmgments of HER-2few fused to LLO may make
self-Ags, such as HER-2inew, immunogenic encugh to induce an
anti-HER-Xneu tamor response in mice with HER- Mneu-pasitive
tmars.

In this study. we describe a series of L monecyioperes-based
vaccines for HER-2nen. Fach of these vaccines is capable of =ig-
nificantly impacting oo tomor growth and is oble to induce an
amti-HER-Xnen CTL response, despite the fact that there is only
ane known CDE* T cell epitape, which falls into a region covered
by only one vaccine (Lm-LLO-ECZ) (24). These results suggest
that there are subdominan: HER- Ynen epitopes that are revealed
through thiz vaccination strategy that are immunogenic encagh o
indwce CDE - T cells that can control tumor growih. This study
further attempts 10 determine whether these subdominant epitopes
are revealed through 1) the use of L monocyfogenes as a vaccine
wvectar, 2} fusion of the Ag to LLO, 3) splitling HER-2neu into
fragments, or 4) o combinntton of these possibilities.

Materials and Methods

L. monocytogenes and vaccine constraction

The L. monocyrogenes sirens used for thess sindies are L LLOGECT,
Ll LO-EC?, Lm-LLORECE, LeelLO-ICH, and Ll LO=ICE 2l of
which contain 2 fagmese of mi HER-Jieew fused o the listerial iy gene
m an episomal expression sysiem that bas been described previously by our
lab {19, 21). Fragments of HER-2Mmex have been cloned into the plasmid
PGG-55, 2nd the armano acids in =ach fragment are 30-526 in LnLL0
EC1, 30501 in Ln-LLO-EC2, 479655 in Le-LLO-ECE, 690 1081 im
L LLCKIC, mmd 10001260 in Lm=l LO-IC2 (s2e Fig. 1A). Bach fregmes:
ws eeplified by PCR from the pNINA phsmid, whach contains the full
kength rat HER-Zinew gene using the following pimers ECE (bp 74-554)
S CACGOGEATEAAA TOGATAAGCTCGAGCCOOCCGGAATOGOGE
GCAC (Xhod ske underfimed) ond V-O0GGACTAGTGACCTCTTGGTTA
ITOGEGGEACACACT (Spel site undertinedy; BCT (bp S23-1519) 5°-0C
GGETCGACTGOOCCTACAACTACCTGTCTACG (Safl site underdined)
and V-OCEGACTAGT T TACT TG AT CETCCT THTAGTOCOCACT
CTGEGAGCAGGGOCTG (Spel ste eoderdined, PLAG t2g sequence in izl
acs); BCY ¢hp 1451-1981) 5" COGHGTCGACTOCTTTGTACACACTGTA
OCTTGE (Sall site underleedy md 3 -COGGACTAGTITACTIGICA
FOGTOGETCOTTU TAGTUCGOGCTGGCTCTICTGOTCTGE. (Snel  site
endelinesd, FLAG tag in itmbes); 1C! fhp 208432500 5°COGG
CTCGAGTATACGATGUGTAGGCTGUTGCAGE (Xhol site undedined)
and V-OOGOACTAGTAGOCAGTEGAGATCTGOGRGGEO0C (el site
endelinad); and ICT (bp MPR-2706) 5-OCGGCTCGAGGGTGACCTGE
TAGACGETGEAAG (Kol site undedined) and ¥ -OCGGRACTAGTTACAG
GTACATOCAGEOCTACG (Spel site undectined). Eack of these fragmems
wos amplified by PCR and cloned imo the pCR 2.1 expeession sysiem iIn
vizegen Life Techeologies), Lach fmgment was then excised from the pCR2.1
mlasmid with the delinsmied enzymes. For all the constrocts, the £7 pene v
excised fram the pGG-55 plesmid {19) with Xhol and Spel. Each HER-Xnew
fragment was then ligated imo the E7 sre (emds owt with Safl are compatible
with Xhol cuts). The XFL-7 sirin {19) of L mosocytogenes was then elec
wroponged with sach plosmid Bacieriz were grown in brain heert fusion
medium (BI¥ with 50 jup‘ml chioramptwenicol 2nd dwen frozen in L-ml aligoos

at —80PC. The LI, of ench varcing wis determined as previously described
by veccinaty mice with vimious doses of each vncoine constuc (19, The
11, of each vacrine ronstnoe is as fodiows: | X 10F CFU dor L LLOWEC],
5w WP CPU for LmeLLOGECD, § % 10 OFU for L LLO-ECY, § > 10°
CFU fior Lene LLERICH, and 1 2 B CFU for Lme LLO-BC2.

Lm-LL0-ET as esed 05 & contol for non-Ag-specific eSects thmoughout
this mody. This sirain is isopenic with the Lm-LLO-HER:- 2neq siraizs,
except for the Ag expressed and has been descrbed previcusty (190

The DMA veccines were all imserind imgo the peDNA 3.1 plaseid {In
vitrogen Life Techexdogies). Full-length HER-2inew and the £CT frogment
were zmplified by FCR for bath the LLO-fused and non-LLO-fused ver-
sions af the A vaccime. The primers used were as follows: fell-lengih
HER-Limew no fusian 5-CCGGGCTAGCATGGTCATCATGOAGCTG
GOCGG (Mael site undedined) and YV COGGGATATCITACTIGY
CATOGTOGTCCTTGTAGTCTCATACAGOTACATCCAGRCT (EcaR Y
site anderlimed, FLAG g = ialics, stop cedon in bald; full-lezgth HER-
Ynew fused 1o LLO S-OCGGOTOGACATGGTCATCATGGAGCTG
GOOGE (hall site underfined) oo the same 3 primer 2s for the full dengd
HER- ey wigh mio fsion; S0 oo LLO fusion §' pimer same as full dengeh
HER-2ey no fusion 5' primer and Y -OCGGGATATCITACTIGICATOG
TOGTOCTTGTAGTCTCAGACCTCTTGOTIATTCGGGOG (EcakN site
umdertined, FLAG tag in fslics, stop oodon inbold)c B0 with LLEY fesion §°
primes szme as e 5’ wimer used for the full denpth HER-2mea with LLO
fusion and 3" prmer same as the Y primer for £C7 ne LLOD fosios. All the
fragments. were cioned inio the multicloning site of peDNAY | downstresm
o the MY procnoter either contmnizg LLO or not. Kscherichia ool were
trmsfmmed with each plasmid and the bacteria wene grown in Luria-Bestasi
medium (B} with 50 pg'mi smpicillin

Wertern blotting

The HER-2iseu L mowocpdogenes Viscimes were pronety avernight = La-
mea-Bestani medivm wath 50 ppfml chiceamphenssol al 3770, Supernatant:
were TCA precipilaied and esspended in 1% LDS sample bufler {In-
vilrogen Life Tedmodagics), Fifleen micnoliles of cadh sample wog
K] oy & 4-17% Bis-Tris SDE-PAGE gel (Envilrojen LEle Techimlo-
sk The gel was then tansfermd 108 Immobilon-T' polyvinylsieoe u-
e mémibrune (Milipoes) and Blolicd wilth & palyclonal fabbil schim
maised o the fiest 30 fovidhics af e LLD pioteis (anli-praling, ghitimic
acizl, mering, angl thregning (PESTY), The ssoondary Ab wis i HRP-cun-
jupated anti-sabbil Ab (Amersham Bioscicndss)

Mice

Six- to §-wk-old female FVIWN mice were purchased from Charles River
Laborazaries.

Cell liner

The FWBAIN syngencie WT-2 fumer coll line was developad fram a span-
marieously ceoeETing mantmany umer in a FYBN HER-Jscu-transgenic
wrruse (270, NT-2 tumies cells constifulively express low levels of ml HER-
Ty and are lweswipenic in wikkype singencic mice. NT-2 gells werg
Eroewn i BRPMI 1640 meSom sagpplementod with 20% FCS, 102 s,
HEFPES, 2 oM L-ghitgming, T} @M sobesnal eming acids, 1 =M
sichinnm psuvane, 58 Uil penicallis G, 50 pop'mil strepsamysin, 20 ppiml
ansulin, andl 7 pgtml gentienicin wl 370 with 5% 00,5, NIH 3T3 iils e
a mams fibroblast Bne and the 3T3-new limes wiene ssule from these wikl-
Bype cedls ay deeribed previously $6), Briclly, wilddvpe 3T3 gells were
eransduigd with evilkapping fragnicils of the ret HER-Lsen poe, ifealisg
sine ¥T3 HER-Zoeu fragment lines, and ane 3T3 line cxpresseng the Gll-
lerigih rat HER-2fnew. The 3T3 HER-Yoeu fragnicnl ling: encommuass the
Tedlkowing onerlagming amiso acnld regions: 3T 3-meu-1 spuns. |-165; 3T3-
s~ eprans 148291 3T3-nee-3 spass 274 -426; IT3-mcu—4 spans 210
53 IMhiicu-5 spmin S31-6B7; 3T-acu-b sgois BOS-BND TT3-Heu-T
spans TIT-957; 3T hneu-8 spans 52510850 and TT5-seu-9 spiss 1063
1260, The NIH 3TF sl all the derived cells were cullursd in DSMEM
suprplemented with 10% FCS, 3 mM -glitandne, 100 oM nenssotisl
ameso geids, 1 mM sedive pynevate, 50 Utml peniciliin G, and 50 il
streptoevein Colume medinm Gor the 3T 3-ne0 cell lises wis supplenieniod
wigh | mgp'm] G418, Cells woe grown al 37°C with 5% O,

Tumor regression

Six- 1 Bowk-old FYEN mice were mjected s.c. on the right flank with 2
10" WT-2 tumor cells iz 300 p1 of FBS. One week postiumor inoculation,
the tumers reacted a palpanle sioe at 45 mo Each traiment g;rnup- can-
wisted of sight mice, which were vaccinzted with 0.1 LDy, ip. La-LLO-
EC1, LmelLO-BCY, Lenl LOCECY, LneLLOWICE, Len-LEOSCY, Lm
LLCLET, oo PBS om days 7. 14, e 21 afier twmor inoouletion.
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Megsurement af fiwmor growik

Temars were measored every 1 days with calipers sponning the shomest
and komgest surfoce diametess. Plots show the mean of these two measore-
menis & the fumor sze in mollmmeters v tme. Mice were amificed whes
mean tumnr diameier reached 200 mme, ond tomor Eessuremends for sach
time point are shown oxly for the surviving mice.

COE™ cell deplerion

COR" T sxlis were depletal in NT-2 umoc-bearmg sues with 08 g ol
TAY 21 hon days &, 7,8, 11, 04, 17, 30, and 23 postiusee injection. The
TAZ (an-CIE" T ecHlh Ab wis aFmily prerlind Fom seics of § proios
Oi-Bephuros aoemin (Anersham Bisscicsersh This Ab has been shows
by pany invesligalees o specilieally deplete anly COE™ T eclls, s con-
erasl, @ samilarly fesificd, sogyvpe-matched L Ab, GLITT 41, whish pro-
ey gn anti-E o P-galactosidase, had no eMed on uewe growih &
similar mmaplamieble lumer models (19, 28] CDE™ T eell populalios
wene peduesd by 2 95% a5 meisurad by Sow cylometric analysiz on day 74
[t ful shown). Mice wern vaccinalcd and emars scasurdld as describal
E1

Flow cytometric anelysis

FYBEMN mice, 68 wk old, were immezized with either PBS, 0.1 LDy,
Ll LO-ECE, ar 01 LDy, Lan-d LO-E? and thes boosted 21 deys Laier.
Iteee-cobor flow cytomesry for CDE (5347, FITC comjugeted), CO&2
ligmed (¥el- 14, APC conjugoeed) (BI Biosciences), and HER-Jney 8.2
tetramer (PE conjugated) was performed wsing a PACSCalibur flow cy
someser with CellQuess sofiware (B[} Bipsciencesy The teirmmer wes
aded with a H-2%specific PDSLRDLSYF peptide. Tetmmers were pro
vided by the Natomal Instituie of Allemgy and Infections Diseases Tetramer
Core Pacility of Emary University {Atlants, G}, under the dineczinn of Br.
J. Altmen, end the National [nstitutes of Healih AIDS Research and Red.
erence Reagent Program. Splenocytes were harveszed 5 days after the boost
and were staned at room temperature with the tetramer for §h ot a 1200
Eilutiom. Cells were then steined oo ice with anti-CD8 and anti-CDEL Abs
for M0 miz. The splenacytes were then anabyzed s described above com
paring CDE~ COEM™ tetremer” cells penerated by either PRS, Lm
LLO-ECD, ar LmeLLO:E? veccination. Analysis was dome using Flowko
software (Tree Strk

er release EETAY

Six- w0 B-wk-ollf FYRBN mice were immunieed i.p with 000 LI, Lu-
LLO-ECT, Lo-LLO-ECE Ln-LLO-EC3, Le-LLO-ICL La-LLO-IC2,
La-LLO-ET, ar PES or with 530 g d.m, of eDiNg seu, pelNA LLO-peu,
seDNA BCL, or pelNA LLO-EC L Mice wers then saszificed 9 days ler
winmmniicaticn, amd splacns wire hirvesal Spleoeyiz were then cullural
with irraslisted NT-2 (2D sad) tumor ¢ills o1 a THEL ratio of splene-
eyles bo Uemed solls with 20 Limdl [L-7 (Roche). Fallowing 4 divs of ¢ol-
e, the splenocytes were el as cfector cells in o standand "'Cr relose
assayy, Brmelly, et gells (3T3-wa, 3T3-ney, 3T 3-neu-1, 3T3-m0-2, IT3-
meu-3, 3T 3-peu-d, 3T 300u-5, 3T3-nou-6, IT3-0eu-7, 3T3-peu-8, and 3T3-
mcu-A linest were labelald with chevmiem and were then culbend with
aplemcyies &8 the BT s of 200:0, 100:1, 5000, and 25:1 in triplcse for
4 b In eekdition, 3T3-wa colls wene pulsed Toe § minimsm of 1 b beloce
labeling with *'Crowath | uM of e H-ILspecilic PRSLRDLEVF pepide.
Follenwing the iscubution, 100 @l of supemalam wen assayed e *'Cr
felease, The porvent-speailic lvsis wis determined as ((eaperincnial counts
T minule — sponlEteuns SoUnts por meseseVIetal cuunls per misis —
wpenTlEncous counls per Enuicl] X 10K

WNA vaccinglion

Female FVAMN mime Bal were 6-8 wi ol were given 7 % 107 NT-2
sumiee eells 5.8 om the fght Dank, Mice wers then vacinalnd im. with
eithis S pg of GM-CSF, 50 pg ol eDNA nea + GM-CSF, 50 g ol
DA LLO-nen + OM-CSF, 50 pg of peDNA BCE + GM-CSF, or 50
g ool peDNA LLO-EC] + GM-CSF or ip, wigh PAS o 0 LD, Lin-
LLO-EC|, The sadazines wers given an daas 3, 1, amd 15 and Difers were
mnsasurgd every 3 civss Mige werp sadmifced when their tommers repchod 30
mm in sie

Stativiicy

The Student r 1w was used for sintssical emalyses, and significam difer
ences | p < {L{15) ore noted
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Hesults

Genergiion af L. monocytogenes strainy $iar secrete fragments
af MER-2freu

Five mecombinamt L meacscyioperes strains that express and se
crete overlapping fragments of the ret HER-2neu gene have been
designed and coastructed (Fig. 1AL In the design of these vaccine
construcis, the signal sequence and transmembrine domains of HER-
/e have been deleted due to the hydrophobicity of these regions
amdd the innbility of L. monocyiogenes o secress extremely hydropho-
hic domains, All the fragments have been cloned into the p3G5-55
expression system described previcasly (19). The Lm-LLO-HER-2/
nen constructs have been desipgned based on the effectiveness of an
artificial tomar Ag. NP, and the HPY mumaor Ag, ET. in this sysem
{14-21). The secretiom of each of the HER-2fmew fragment vaocines
has been confirmed by Western blot of secreted Listerial proteins (Fig.
185). Secretion of the fusion protein LLOET by L LLO-ET as a
contral is shoewn at 67 kDo, An 83-kDa recombinant procein is se
creted by Len-LLO-ECI, 70 kDa by Lm-LLO-EC2, 68 kDa by Lm
LLO-ECS, 92.5 kDa by Lm-LLO-KC1, and 74 kD2 by Len-LLO-ICL
Each of these sirains is highly attenuated as compared with the wild
type 104035, but the vindence of each stmin is compamble o Lm
LLO-E?, which is ~1 » 107 CFU.

Viecciration with sack Lm-based HER-2fnen corstruct lzads to
staxir in fumor growik

Lm-LLO-ECL, Lm-LLO-ECZ, Lm-LLOECY, Lm-LLO-IC1, and
Lm-LL-IC2 wete each compared with PRS controds and Lme
LLO-E7-vaccinated mice for their ahility to impact oa the growth

A R e Ty —
““ uh*
o4

FIGURE 1.

HER-2meu hes been beoken imto fregments, and neccenhi-
mani L. manocyregenes is capahle of secreiing eech of these vaccizes as m
L1 fusion peotzin, A, Kot HER-2mneo wes booken inip fegments for the
construction of a series of Lm-LLO-HER-2new veccines & described un

der Materialy and Methads. 8, Following the comstraction of each of these
vaccimes, the secretan of the fosion pepiides wos confimmed by Westers
bilot analysis. Marker (dane [, Lm-LLOSET (fome 27, L LLOVEC] (fone
Fp L LLO-EC? (lane &), Lme LLO-ECY (dane 5), Lm-LLO-ICL (fome 61,
and Lm-LLOECD fane 7 = denotes the band for endogesces LLO se-
creted by 2]l & manocyrogener. The Lireria vaccines were grown aver-
might mt 37°C in Lurin-Bertoni brath. Supemetants were TCA precipitmied,
and 1% pl of each sample wene analyzed by Western hlot anabysis. The blot
wns probed with an amei-PEST rahbit serum, folbowed by HREP-conjugnted
anit-rebin seconcary Ah. The blot was developed using ECL deteciion
Teagenis.
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af the rat HER-2/'new expressing tumor line, NT-2. FWVB/X mice
were given s.c. NT-2 tumar injections on the right flank that pro

duced palpable tumaors of £-5 mm 7 days later. Mice were given
weekly ip. imjeciions of (L] LD, Lm-LLO-EC], Lm-L1LO-ECY.
Lm-LLO-ECE, LmeLLOCICE, LmeLEO-ICT, or the contrals Lm

LLO-ET or PBE. Neither the PBS nor Lm-LLO-EY injections had
any impact on tumor growth, buz within 2 week of the frst vac

cination with efther Lm-LLO-ECI, Lm-LLO-EC2, Lm-LLO-EC3,
Lm-LLC-ICT, or Lm-LLGAICZ, NT-2 tumor grawth became static
and remained so untl the experiment was terminated ot 90 days
{Fig. 2, A and ). This cessation in tumor growth remained well
afier the last HER-2'neu vaccination oa day 21, and o subsequent
regressian of tamoes in some of the mice was observed. Three of
eight of the mice with Lm-LLO-EC2 and Lm-[1.0O-EC3 vaccina

tions were completely cured of their tumors, while one of eight
mice vaccinated with Lm-LLOCECL ar Lm-LLOIC] chowed
complete tumor regression. None of the tumors in the Lm-LLO

IC2 vaccinated group underwent a complete regression, but the
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FIGURE L La-lLO-ECH, L lAO-EC2, Ll LO-ECH, Lm-lL0
ICH, ez L=l LOIC2 imdoce & helbt = iumor growith of esiahlished NT-2
rumars. FVIWN mice (eight per groop) were given 2 3 107 NT-2 cells by
s.c. injection on the might flmk. On days 7, 14, and 21 efter cumar chal
kenge, mice were treated with 0.1 LD LmeLLOEC], Lm-LLO-EC2, Lm
LLOECY, Ll L0-ICY, Em-LLO-BC2, and Len-LLO-ET or 2000 ul of
PRS. Each dain point represents the overnge tomor dismeter of ane mouse
ai o given time point os measared with calipers. Mice wese secrificed when
the zverage temar diameger reached 2.0 cm, and the umor measerements
for each time paoint are only shown for the sunviving mice. Representmive
figures of two expenments e shoan. LmeLLO-ECH, L LLOGECE, omd
Ll LO-ECY (4); L lLO-1CT and L LLO-ICE (8]
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tmar grawih of the mice in this group remained static and in some
cases the tumor size decreased.

CiM" T celis are necessary for Lo-LLO-FIER-2feu
vaccine efectiveness

Far both Lm-LLO-ET aod Lm-LLOSNP, CDE - T cells are abso
luzely necessary for vaccine efectiveness (19). FYR/N mice wene
depleted of CDE" T cells after estzblishmen: of NT-2 tumors.
Upan depletion of CIIB" T cells with the anti.CDE Ah 2,41, each
af the Lm-LLO-HER-2neu vaccines lost all efectiveness (Fig. 1.
A and #). Tumor growih in mice that were not depieted of COE
T cells coald be contrdled with vaccination of the mice with Lm
LLO-EC], Len-LLO-EC2, Len-LLO-EC3, Lm-LLO-IC], and Lms
LLOWICY on days 7, 14, and 21, Growth of tumoer in PBS mock-
vaccinated mice from a similar experiment is shown in Fig. 6C for
comparative purposes. The growth of tumoer m PRS vaccinated
mice is similar bat slightly slower than the growth of tumors in the
Lm-LLO-HER-2'new-vaccinated mice that were depleted of CDE
T cells (Fig. 30 This suggests that endogenous CIE" T cells
induced by the tumor may be slowing tumoer growth in unvacci
nated mice as we have previously observed in other wmor madels
{20

Lo LEQ-ECE vaccingtion induces an increase in
HER-2imen-speciic CDE T ceily

The CI¥ " T cell depletion tumar regression experiment shown in
Fig. 3 clearly shows that CT38 T cells have an essential role in the
contro] of NT-2 tumor growth. Measurement of the HER-2fnew-
specific 08 T cells activated through vaccination with the rim
constructs can be performed by tetramer analysis. This analysis is
anly possible for the Len-LLO-EC2 construct because the anly
CDE" T cell epitope known for the FYR/N mouse is from aa
A3} 42%, which ix contxined within the EC2 fragment (26). Mice
were vacoinated with (L1 LD, Lm-LLO-EC2 ar Lm-LLO-ET or
injected with PBS and then boosied 21 days laver. Splenocyies
were then stained with the H.-2® tetramer loaded with the P
SLEDLVF peptide. and the activated CDE " T cells were analyzed
o determine the percentages that were tetramer positive (Fig. 41 A
S.fold increase in tetramer-positive cells in the spleens was ob
served in non-tumor-bearing FWE/N mice after vaccination with
Lm-LLO-EC2 vs injection with either Lm-LLOVET ar PBS.

CTL amalysis shows the induction of €D T ceilly agaims
smhdamirart epitopes

Because each L LLO-HER-Yren vaccine s capable of impact
ing om turmnor growth, vet only one VBN COE - T cell epitope has
been described, CTL assays werne performed using 3T2 cell lines
expressing HER-2'neu fragments to determine which regions of
HER-2/neu cantain a patential epitope. Mice were immunized with
ane of the LmLLO-HER-Xneu vaccines, amd the splenocyies
were sed 23 effector cells in a standard *'Cr release assay. Initinlly
each vaccine was tested with wild-type 3T cells as targets for &
negative cootrol and 3T3 cells ansduced with full-length mt
HER-2ineuw (26) 25 a positive control. Each vaccine is capable of
inducing an anti-HER-2Zdnew CTL response as evidenced by the
specific lysis of 3T3-neu cells vs wild-type 3T3 cells (Fig. 5, A and
H). Splenocyies from PBE.vaccinated mice produced litle lysis
reganiless of the E:T matio, while 2=2{%% lysis of 3T3-neu cells was
produced by each of the Lm-LLO-HER-2fnew vaccine consirucis
2t E-T mtios of 200:]1 ar 1031, Splenocyies from PRS- vaccinated
mice were used 25 a control for all subsequent CTL assays because
no difference in Lysis of 3T1-wt and 3T3-new cells was seen using
gither PRS or Lm-LLO-E7-primed CTLs (Fig. 5, C and 7). Both
PBS and Lm-LI{:ET7 vaccinations induced & very low level of
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nonspecific lysis that was virtually egual. The levels of lysis seen
from the Lm-LL0O-HER-2neu vaccinations with any of the HER
2inew-expressing cell lines is similar to the Iysis observed by puls
ing 3T3-wi target cells with the known FYB/IN CDE T cell
epitope peptide ot high E:T matios (Fig. SE). However, the Lysis
abserved when not targeting a specific peptide titrates out by 51,
whereas with a knowen peptide. a significant level of lysis can sill
be ween at an E:T ratio of 25:1 (Fig. 5E). This illustrates the fact
tha: alithough these assays can be wsed as a guide o where in the
HER-2ineu seguence podential CDE - T cell epitopes are Incated.
once i specific peptide sequenoe &s identified, mare sensitive CTL
aszays can be done.

Fallowing the determination that each of the vaccine consirucis
was capable of eliciting an anti-HER-Xneu immune response in a
CTL aszay, a panel of 3T ceils expressing frmgments of HER.2/
new [26) werte used as target cells for vaccinatbions with each of the
corresponding rl.m vaccines (Table Ih. Eoch veocine is copable of
eliciting a CTL respanse to at least one fragment of HER-2/neu.
Severnl fragments of HER-2neu likely comtain a subdominant
epitope as evidenced by lysis that was significantly different from
controls (p < (105} Based oo the CTL analysis of this panel of
warget cells, repions of FHER-Xneu with potentinl subdominant
epitopes for the FYEIN mouse have been idenzified.

Fuston fo LD gnd delivery by L. mooncyiogenes enfances the
immuncgertciy of HER 2new

There are several possibilities for why these recombinan: L mone
cytogenss vaccines are capable of revealing subdominant epitopes
when other vaccination strategies hove not The Lm-LLOHER- 2/

new vaccines may be revealing these subdominamt epiiopes
through 1) delivery by L. monocytogenes., 2) fosion of the target
wmar Ag o LL(, 3) breaking HER-Xneu into fagments. or £) 2
combination of these faciors. To determine which of these factors
contribwies to the enhanced immunogenicity of HER-2new in the
Lm-LLO-HER- 2'new sysiem, a series of DNA vaccines were can
structed. Only the ECI fragment was made to study the effect of
breaking HER-2fneu into pieces because each Lm-LLO-HER-2/
new vaccine worked equally well in twmar regression stodies.
These vaccines consist of a pcDNA 1.1 backbone comtaining ane
of the following inserts: full-length HER: 2inew {pcTiW A new), full
length HER-Lneu fused 1o LLC (pcDNA LLO-nea), the EC1 frag
ment (pcDXNA ECI), or the EC1 fragment fused o LLO {peldMNA
LLO-ECT).

Following the construction of the pcDNA-HER-Yneu vaccines.,
& fumar regression experniment was done comparing these com
structs with Lm-LLOWEC]. Mice were given 7 X 10 NT-2 cells
s.c. and were vaccinabed imo with the DA vaccines plus GM
C5F on a separate peXNA 1] plasmid and ip. with Len-LLO-ECI
ar PBE on days 3, 10, and 18, GM-C3F was included 25 an adju
vant for the DNA vaccines because of its ability te enhance the
efficacy of DNA vaccines (29). The best vaccine based oo this
experimend was Lm-LLO-EC] (Fig. 64). Two LmeLLO-EC]-vac
cinated mice never developed tamors and two more later regressed
their twwmars compared with the peDNA LLO-ECI group in which
ane mouse never developed o tumor. By day 62, the differences in
tpmar sizes of the Lm-LLOWEC] and peDNA LLOECE groups
are statistically different (p +2 (L05) and remain so on day 76 by
which time there are four mice in the Lm-LLO-EC] group without
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FIGURE 4,
T ils, FYIWN mee wers immunicod s boosted 20 davs laer with 01
LDy, Lin-LLAO-BCT and Lan-LLO-ET o 200 ] of PBE, Five days aliks the
B, splenocvies were staine:d with an H-2" HER-2iseu leliemer, goili-
DR, and anti-CTHILL

Lan-LLO-ECT induces g 3-Fald inszvase in tetrmer ™ CTE

tumars, comparsd with only one mouse in the peDNA LLO-ECT
group. Fusion o LLO was alse compared through peDNA ECL vs
pcDNA LLO-ECH and pcDNA nen vs peDNA LLO e {Fg. 6, 7
and ). The constructs where either the full-length HER-2'neu or
the ECI fragment are fused to LLO are clearly better in terms of
wmar regression as comparsd with the unfused versions. Mice
vaccinated with either of the unfused vaccines developed sumars
that prew at the same rale as those in control mice vaccinated with
just GMACKF, which grew slighily slower than the tumars in mice
wvaccinated with anly PBS. These differences in temor sizes for
peDNA ECI ws peDiNA LLO-EC] and pelNA neu vs peDMNA
LLO:neu vaccinated mice are smtistically significant (p = (U031}
an day 62 posttumor inoculation. The effect of breaking HER-2/
new up inte smaller pieces was tested by comparing peDNA LLO

new vE peDNA LLO-EC] and peDXA new vs peDNA EC1 (Fig. 6
I and £). Although there does seem 1o be minor differences in the
tumar sizes between peDNA LLOCEC] and peDNA LLO-new be

tween days 62 and 90 (Fig. 6%, this diference is not stazistically
sigrificant. No difference could be seen between the peDXNA new
and pcDNA ECl.vaccinaied mice, and tumors in hoth of thes
proups grew oot as rapidly as the GMACEF controls (Fig. 6E).

Brocd CTL resporse to LLOfused DINA vacciner vs wnfured
INA vaccines

Each of the DN A vaccines was further analyzed wsing the standard
r release zsmay as described above. The LLO-fused versions of
either full-lengzh HER-2'neu or the EC] fragment were capable of
indwcing T cells that lysed more of the 3T3-neu torget cell lines
than did the nan-LLO-fused DXNA vaccines {Table IT). pcDMA new
induced a stromp CTL response against only the 3T3-new-d @rget
cell line, the line that comtains the H-2% epitope previously de

scribed by Ercolind et al. (26). The fusion of the full length HER

2inew o LLO resuled in & brosdening of the regions that could be
recognized by CTLs, and the same result was seen with the ECI
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FIGURE 5 Ewh of the Ln-LLO-HER-2meun vacsine consinets in-
e similar levels of anti-HER-2ince OTL sctivigy, FYBN mite werg
immunkend with (L1 LDy, Lo-LLO-ECI, Lm-LLO-BECT, LewLLO-EC3,
Lan-LLO-1CH, el Lin-LLO-ICZ, Splemccytes were hisvestosd 9 days laner
and eultured with ireudiiied NT-2 eells Tor S dayvs, Fallewing this restinm-
Natiom, CTL activity was measured in g 4-h ™' Cr releise Gom wild-pe 3T3
(A) o ITI-ncu Tull-lenpih HER-Lseu) (B tepets, The ability of spiens-
eybes From PRE-vicvinatol mss was cormpiral with splenocyies from Lm-
LLO-ET mice with either wili-type 3T3 (C) or 3T -new (1) e cells, £
Meuxrmal levels of Tysis in this type of sy was delermingd by the usg ol
wild-iype 3T3 target cells puliagd with the H-T%spesihic peplale, Results
arg shown as the mean of wiplicsts cilus, Theee revulls drt reprosenla-
gve of live expericenls

fragment fused 1o L1 vs the non-LLO-fused EC1. Thos, wherehy
anly 3T3-neu-1 and 3T} -neu-d were targeted for lysis by peDNA
neu splenaocyies, 3T new-1, -4, <5, and -% were targeted by spleno
cytes from peDNA-LLO-new.

Discossion

Fusion of fragments of HER-Xneu to a tuncated form of the L
meaccyiogenss hemolysin, LLO, and the delivery of the fusion
canstructs by L. maracytogener increased the immunogenicity of
this s=]f.Ap. Five waccines were constructed containing overlap
ping fragments of the rat HER-2nen pene fised o o membrans
inactive form of LL{). Based oo previous epitope mapping. only
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Table 1.
amalyris &

Reglons of HER-2foa with
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otenrial Ji-2" epltoper based on percem-specific dir from CTL
T

Laeno Stein Nou Bepos Spanacd  Perconi-Specifc
Lan-LLO-EC] I-336 IT3-g-1
IT3-meu-2
IT3-=xu-3
Lan-LLO-ECT 303501 FT3-m0-3
IT3-zgu—
Lan-LLO-EC3 4TR655 IT3-zcu4
IT3-meu-5
Lon-LLO-1CT GRO-10E] IT3-mu-h
IT3-sxu-T
IT3-meu-B
Ll LO-ICT 10I0-1360 IT3-mu-B
ITizu-9

Lywin of

Targrs Cels®
A1l 1kl Mo R Cozizinizg an Epiicpe
143" 07 20148
Q 0
65% 3.5 291-326
109" 74 HE3-526

35 B4 A10-50
1 ]

HAr 2534 531-655
a9 9= GR-TI?
Q 3

183 64 a52-1081

103= a1+ TI20-1U85

Bs 0 113-126i

= Lyses of mrpes cells shown o percem lywis mines hackgnrnd Iy by PAS curircl vactingied mice for the ET mbos of

3001 a=d WKL Fach well waa st op in triplicaic, s the
imtically sigrificant Lyss shovs backgrousd lovel atp <0 005,
wan calevilred @ perezri-pezifis b -

the Lm-LLO-EC2 vaccine was expected o generate an anti-HER

2inew wmar response hecause this vaccine contains the only pre

viously described rat HER-2'nea epitope for the FYBIN minase,
although there &= evidence that this may not be the immunedom

inant epitope in the HER-2'neu-transgenic mouse (26, Y. Sor-
prisingly, each of the five vaccine constracts generated an antii

mar immune response that resulied in stasis of tumor growth and
evenizlly a late oaset of regression in 2 subsel of the vaccinated
mice. The antitumoes immumnity observed absolutely required CDE™

T cells. The fact that each of these vaccine constructs could gen

erate HER-2oew-specific CDE T cell: and an antitumor respomss
suggests that subdominant MHC class l-resricied HER-2fncu
epitopes are being revealed through the use of these vaccines. This
study shows that these epitopes emerge not anly through the use of
L. menecyipgeres as o vaccine vector bat also through the fusion
af the HER-Xnen fragments o LLO.

Fusion to L0 was originally performed to ensure tha: the target
Ag woukd be secreted by recombinant L. momocytogenes, resulting
in presentation of the secreted target Ag by the MHC class | path
wiy and the gemeration of  CTIE® T cell response [17). However,
subsequent o these earlier experiments, we found that fusion of
target Ags o either LLO or o PEST-like sequence contaned i
LLO) resuited in an increased anttumor response (31}, The exact
rezson for this enhancement in immunogenicity of fused Ags is not
wet clear. hut we hypothesize that these fused Ags are more readily
degraded by the proteasome and subsequently targeted 1o the class
I pathway. Decatur and Porinoy (32) have shown that deletion of
& PEST-like sequence toward the N termines of LLO results inan
accumulation of LEC in the cyiosol of the host cells, which sug
gesis that this sequence may target LLO for degradation. However,
we believe that L1C} is doing more to increase the immunogenicity
af wmrget Ags than simply increasing the degradation and subse
quent preseniation of these Ags. We compared vaccines where the
tumar A is fused to L1 vs fusion io PEST and showed that both
elicited similar antitumor immune responses (310 However, even
Fusing the Ag to a LL{) moleculs from which the PEST seguence
has been deleted resulted in better antitumaor efficacy than using the
Ag alone, sugpesting that LI may have an adjuvant efect quite
apart from enhancing Ag processing. We have shown previously
uxing vaccines that deliver the HPV-16 E7 Ag that Lm-L1O-ET
can mature bone marrow-derived dendritic cells and up-regulate

103 ffeaporimental bysis —

resulis of a wpresestaes cxporimend arc shown. * deries
NMercem-apocfic bysis before sublractizg backgrousd FRS hyis
pertmcous by istal s — spomtancous st

costimulaiory molecules, whereas Lm-ET does not, which also
poinis to an adjuvan: effect for LLO (33).

Patential regions of HER-2fneu with subdominant epitopes have
been identified through CTL analysis following vaccimation of
mice with DNA veccines consisting af either full-lenpth or the
ECI fragment of HER-2fnew both fused to LLO and unfised. Lysis
af regions of HER-Xneu not containing the identified dominent
epitope (28] was seen with each of the four DNA vaccines, A
broadening of the regions of HER-2neu with potential epitopes
fased on this CTL onalysis can be ohserved with fosion o LLOC
further solidifving the theory that [1(} enhances the immunage
micity of target Aps leading to the revelation of subdominznt
epitopes. Comparing the DXNA vaccines, it is clear that fusion of
the full-length new to LL increases the regions of neu that are
recagnized from twa, with o LLO fusion. 1o four with LLO fusion
{Tahle ). However, this expanded response was ot equal o the
responses seen with the Listenia-based HER-2fneu vaccines, as a
wtal of nine regions with potential epitopes have been identified
with these vaccines {Table [). Furthermaore, the comparison of
mar regressia induced by pelDNA LLO-EC] with that of Lm
LLO-EC] shows that Lm-LLOSEC] is superior to pcDNA LLO
ECI iFig. fA). Therefore, the increased epitope recognition of the
Lirferig-hased vaccines ws the DNA vaccines is likely due to em
hancement of the magnitude of the immune response through de
livery by Lizferia, which enhamces the detection lewel of weak
epitopes. These DNA vaccine results suggest that seme epitopes,
but not all, can be revealed through fusion to LLO, but some need
the additional boos of delivery by L. monocyfogeners as well. per
haps becanse of the added donpger signals provided by a live vac
cine vectar (34) in addition to direct delivery to the MHEC class T
pathway of Ag processing by professiona]l APCs,

DN A-based vaccines targeting HER- 2'neu have been evaluaied
by other groups in transplantable tamoer models (35-38) A major
difference between the Lm-LLD- oo DNA-LLO-HER-2fneu vac
cine studies descrived here and those performed by other groups is
that all of our vaccines were tested in o therapeutic, ruther than 2
prophyiactic, mode. In our studies, the first DNA vaccination was
given 3 days aRer injection of the tumor bat before the appearance
af o palpable tumor. In the pcDNA LLOWEC] groop, one mouss
never developed a tumor and ooe mouse later rejected s tamioe.
wheteas there was a slow growth of tumor in the pcDNA LLO new
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FIGURE & Delvery by L. monccytogencs and fosion to LLE increases the anibemor immune response of HER-2neu vecoines. FYRXN mice {eight per
group] received 7 % 107 NT-2 cells by s.c. izjection in the right fank. Mice were treated oo days 3. 10, and 18 with (U1 LDy, L LLOGECT o 50 ug
of peDNA neu + GM-CSF, peDNA LLO-neu + GM-CSF, pclNA ECL + GMACEF, peDNA LLO-BECI + GM-CAF, GM.CSF sone, or PES. The average
tumer diameser was mezsered with calipers and is shown for each mouse. Mice weme sacrificed when tumor diameier reached 2.0 cm, 2nd sumar
mensurzments ere only shown for the surviving mice o each tme point. Lm-LLO-ECH v pelA LLOWBCL + GM-CSF (4}, pcDNA BECH + GM-CSF
vi pelA LLOECT + GMACSF (8], peDNA neo + GM-CSF vs peDINA LLOenew + GMCSF (O, peDNA LLOsnzn + GMACSF vs peDRA LLOCEC]T
+ GM-CSF (0, ond peDNA new — GMACSF v peDNA BCL — GMACSF (€]

group (Fig. 600 The Lm-LLOGHER Yneu vaccines are given 7 vaccines do completely regress their tomoss, which is a very im-
days pasttumor injection, at which paint there is a 4- tp S.mm porant result becawse it is extremely difficult to couse the regres
macTascapic tumor present. A subset of mice vaccinated with these sion or induce a halt in the growth of estblished tumors. The



The Journal of Immunalagy

Reshma Singh
W81XWH-04-1-0338

3671

Table 1. Megdons of FIER-Znen with potennial epinoper hased on YA vaccimaions of wi FVE mice

Lyuis of
Terpet Cclla®
Listeria Srain New Megine Sparmcd PercentSpecific 20000 1] Bew Begiors Crtainisg an Epiope
meDNA neo + GM-CSF I-1260 IT3-rmu-1 174 12.4% 20148
IT3-su-2 i i
IT3-mei-3 H) L&
IT3-mei-4 23.4% 10.5% A10-570
IT3-ewii-5 0 13
IT3-weu-h 60
IT3-meu-T i 6
IT3-mu-B i 1.2
IT3-mxu-9 i} k1
mDNA LLO-neu + GM-CSF I-1260 FT3-mu-1 3L9* 20.5* 2148
IT3-mei-2 bt 0
IT3-men-3 (K] 1.7
IT3weu-t  31.2* 255* 2150
IT3-mu-5 64%  ha A7T0-531
IT3-meu-h i i
IT3-meu-T ] 2.5
IT3-mmu-B ) 4
Fidecu9 21" 15B* T0H5-1 260
mDNA BCE + GM-CSF 1-3256 IT3-mwi-1 B 18
IT3-mei-2 1 1
IT3-mwu-3 H5* 201-326
DA LLO-ECT - GM-CSF 1-325 IT3-meu-1 l4.6* B.5* 2148
IT3-meu-7 i 3
FMimewd 99 51 W

 Lyson shown of cich of o ideritficd ccll Imes 1n sdenfificd, arad Tysis s notnd as percesi lysis nenm hackgnound s from MBS sontrl vaconaled

mice * denoiew wignificant lyss shove hackgmund o p < 005 Peroeslspecific nis hefors e btracting Sackprouzd levels was cxlouluted an

percazt-apesific byin -

majority of HER - 2Zineu DNA vaccines produced by other groups
were used in the less siringent prophylactic mode o debermine
whether vaccination will lead to protection against a suhsequent
wmar challenge (35-38). In addition, the majority of these studics
have been performed in o BALR/C HER-2inew twmor model. which
shoras a vastly different disease progression tham the FVB/N
mause [36-38) Prophylactic DNA vaccination in the FVE/MN
mause has not been shown to induce 2 compleie rejection of 2
subsequent twmar challenge but will protect 25-100% of animals
from developing twmars depending on the treatment used (25). In
this study, the DNA vaccines stadied were comprised of the ex

tracellular domain of HER-2Zfneu. the transmembrane domain of
HER-2'new, ar the introcellular domain of HER-2nea, The extra

cellular domain DNA vaccine protected 25-35% of mice end that
percentage was increased to 60-75% with the additon of [L-12
Approximaiely S0% of the mice were protected from tumaor chal

lenge after treatment with the intraceliular DNA vaccine, and the
administration of IL-12 increased this percentage of protecied an

imals & between 80 and 100ME. Sixty to 75% of mice were pro

tected from wmar challenge with the administration of the trans

membrne DXA vaccine, and this peroentage remadined the same
with the addition of IL-12 (35).

In our study, each of the vaccines resulted in the stasis of tumor
growth immediately following the first vaccination (Fig. 2 How
ever, nane of the tumors decreased in size until =1 mo following
the last vaccination. Ag loss or mutation and the down-regulation
of MHC class I molecules frequently result in the lack of mmor
regression (39 In the case of HER-Z'neu-overexpressing tumors,
where the overexpression of the tumor Ag contributes 1o the trans
formed phenotype of the tumors, the loss of the tumor Ag could
alza resuli in a lack of tumor growth. New-negative varianis have
been ohserved after anti-HER-2fnen therapies (400 We are cur
rently attempting io determine whether the tumors that do not de

L0 (fexprrinonial bnis — speriancoes |ysissiiotal yss — spontancoas il

crease in size ar undergo regression in response o the Livteriz
fsed vaccines are down-regulating HER-2inew.

The induction of tumar regression a2 =1 mo after the final boost
is in contrast with our abservations using other tamor Ags where
twmar regression will often begin after the finst immunization and
is completed within 28 days (19, 21, 311 The delay in tumor re
gression ohserved with the Lm-LLO-HER-2neu vaccines is mat
likely due to the reactivation of & memory response. Although, it
is likely that memory cells are penerated following the recombi
nani L. mewscypisgenes vaccines, no additional vaccination ar stim
ulus is given to reactivaie these memory cells at the time that the
wmar regression begins. We think it is more plausible that the
increase in antitumor reactivity at a deloyed time point is due o
epiiope spreading by cross-presentabion of tmor-derved HER-2/
neu or other Ags.

Epitope spreading has been seen previously in many different
wmar models and can result in the generation of a specific ani
imar respanse 1o crypiic and subdominant epitopes that were not
initially part of the treatment administered {(41-43). The Lirteric
hazed vaccines contnining fragments of HER-2'nen may be gen
erating sufficient initial entitumor COE " T cells to Limit the growth
af the tumor early after vaccination. Although the tumor growth is
stahilized with new tumor cells being generated ai the same rate
that uwsmar cells ame dying, APCs such as dendritic cells may be
acquiring peeces of the dying cells, traveling 1o the draining lymphk
nodes, and cross- presenting these Ags to activate a much broader
CDE" T cell respanse than could be genernted by vaccination tar
geting one region of the HER-2/neu molecule. This phenomenon
has been ohserved previously, and cross-presentation by CD11c”
dendritic cells is seen as 2 key facior in the control of wmor growth
necause the CDE ™ T cell respanse elicited by a specific immuno
therapy can be significantly enhanced by this mechanism (44, 45)
We intend to explore this hypothesis by testing the reactivity of the



Reshma Singh
W81XWH-04-1-0338

3671 SUBDOMINANT RAT HER-Zneuw EPITOPES IN THE FYEN MOUSE

lymphocytes in the tumor-draining lymph nodes io see whether T
cells specific to a region of HER-Xneu that was not included in
that particular vaccine comsiruct emerges ai the time that regres
sion begins. Howewver, this tosk will be easier once we have com
pleted our epitope mapping of the entire HER:-2imen molecule,
which iz currenily underway. We have already determined that
theme are a large number of CDN1c dendritic cells infilirating the
twmars following the vaccinations hefore the onset of regression
{data not shown) that could cross-present Ags.

The mast efective antitumor response will likely be generated
by enhancing low-affinity anti- HER-2fneuw-specific CDE " T cells
that were not deleted during thymic selection (46} This will be
particularly imporiant in ransgenic mouse models of cancer in
which the mice are toleramt to the tumor Ag and the high-aflinity
T cells that can be generated to target the tumaor in wikl-type (non
iolerunt) mice will not be present (47, 40} Makld et al. (S0} and
Ked] et al. {500 have shown that targeting an immunodonzinant
tumar epitope can fail to result in a srong enough antitumor e
spanse that will result in the eradication of o tumer. Ani-HER-2/
new themapies that can lead to the amplification of subdominant
epitopes are [tkely be more effective than vaccination against dom
inant epitopes.

Patentially confounding the efficacy of these vaocines is the fact
that the vaccines are based on the it HER-2'new gene but that
these vaccines are being tested in mice. In this study, the wild-type
FVIN mice are not specifically tolerant to the rat HER-2'new
gene, olthough the mouse and rat HER-2'neu genes are =005
homalogows (51), =0 some degree of olerance is expecied. Al
thaugh these sequences are extremely homodogous. there ane dif
ferences in the degree of homology for the different vaccine con
structs. The FC1 construct containing the highly conserved kinase
domazin is 98% hoemologous to the mouse probein sequence, znd
this sequence shows the highest level of homology ameag the five
vaccing canstrocts. Both the EC] and EC2 regions are 94% ho
malagous with the comesponding mouse regions, and the ECI and
IC°2 regions are 93% homologous. In all of the vaccines, excluding
Lm-LLO:IC], the amino acid differences are spremd throughout
the entire fragment, whereas in IC1 the diferences flank the kinase
domain with anly one nonhomologous amino acid in the kinose
domain making the kinase domain 95.6% homologous. Interest
ingly, the CTL analysis of the Listera-based waccines {Table Ij
shows that of the three 3T3 lines that can be targesed by this frag
ment andy twa, 3T3nea-6 and ITh-new-8, were capable of being
Iysed by effector cells induced by Lm-LLO-ICT vaccination. Al
thawgh we do not yet know the exact sequences of the MHC class
I epitopes that are recognized in these fmgments, it is possible that
there are no epitopes present in the kinzse domain, as this region
iz almost entirely bomologous hetween the mouse and the me. In
addition, the portion of HER-2'new coatained in 3T)neu-7 falls
entirely in the kinase domain. and there is no CTL response against
this region.

We do not observe o strong correlation between CTL activity
and tetramer znalysis of HER-Xoeu-specific T cells from mice
immunized with LmLLOEC2, for which we have a ietramer
availahle. This is becanse For maost of the vaccines. the only source
aof Ag available to stimulate bulk popalations of T cells in spleno
cyles is irradiated tumaor cells. The NT-2 cells do not express a
high level of Ag and thus are not very potent stimulators of effecior
cells. Furthermore, the efector cells wsed are a polyclonal T cell
populntion that is derived from whale splenocytes, so CDE T
cells are not the only cells being counted as effector cells. In con
trast, tetramer-positive T cells can be analyvesd in the octvaied
CDE" T cell population. Despite these limits to the CTL assay, we
do see statistically significant levels of killing of the target cells

fram which we are able to marmow down potential areas that con
min CTL epitopes.

We have shown in this study that vaccines generated from frag-
ments of HER-Xneu that do not contain the dominant epitope ane
25 effective as the vaccine that does result in CDE T cells specific
i the dominan: epitope when fused to LLO and delivered by L
monecyiogerss. Work is now underway 1o identify these subdomi-
nant epitopes and to test these vaccines in a HER-2'new-transgenic
mause mosdel for breast cancer {300
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